Abstract This study investigated acceptability and consumer segmentation of soy sauce and famous Korean dish, bulgogi. A total of 123 participants evaluated intensity of 18 attributes and sensory liking of 4 commercial soy sauce samples and bulgogi samples made by aforementioned soy sauces. The overall results showed that appearance liking was the only significant different attribute among soy sauce samples and there were no significant differences among bulgogi samples. Furthermore, there was little correlation between overall liking of soy sauce and bulgogi samples. However, different segments of consumer groups were found by cluster analysis. Four and five subgroups of consumers were identified on evaluation of soy sauce samples and bulgogi samples, respectively. These results demonstrated that consumers' different preference pattern. In conclusion, this study specified characteristics of commercial soy sauce perceived by consumers and consumers' acceptability toward soy sauces and bulgogi made using soy sauces.
Introduction
Much research had been done on Korean foods, keeping pace with the globalization of Korean food. Most of all, Korean soy sauce is considered to be not only one of the important condiment but a key ingredient of the Korean food. Soy sauce is derived from aged mixture of soybean and salt solution. Soy sauce is a crucial condiment used in dishes in East Asia, which has complicated flavor characteristics [1] . From Shoyu, Japanese soy sauce and Kecap in Indonesia to Chinese soy sauce, diverse version of soy sauce are used for their own traditional foods. Korean soy sauce is also used in various Korean foods such as bulgogi, pickled vegetables, and a number of soups because of its distinguishing umami taste. Not only East Asia, but also other countries gradually recognize and use soy sauce. Fenko et al. [2] showed that soy sauce had the highest familiarity and expected tastiness among soy-related products with German consumer, suggesting growing recognition of Western countries toward soy sauce.
Bulgogi is barbecued beef marinated with various seasonings and vegetables such as soy sauce, sugar, black pepper, sesame oil, sesame seeds, garlic, and green onion. Marinating is a process to enhance flavor of main ingredients with the purpose of satisfying consumers' need for palatability [3] . During marinating, flavor of beef is further improved [4] . Bulgogi comes from harmony of beef, soy sauce with deep umami flavor and salty taste, and marinating, is being loved by many people. Indeed, bulgogi is one of the most preferred dishes by both Korean and foreigners [5, 6] , thus a representative dish of Korea to foreigners [7] . Because of that, plenty of studies were conducted. There are research on understanding aroma components of bulgogi [8] , sensory characteristics of ready-to-heat bulgogi and improvement sensory attributes of irradiated bulgogi [9, 10] , and cross-cultural consumer acceptability for bulgogi [11, 12] . There are also many studies on the investigation and classification of volatile profiles isolated from soy sauces [13, 14] . Studies to reduce the amount of salt in soy sauce also continued while still maintaining sensory factors [15] [16] [17] . Several descriptive analyses of soy sauce were conducted by researchers [18, 19] . Kim et al. [20] showed that soy sauce included meat patty suppressed oxidation by-product of meat. However, there was no study considering flavor and acceptability of both soy sauce and bulgogi simultaneously. In addition, bulgogi was cooked using soy sauces produced in China or Japan in other countries [21] . It might be due to limited export of Korean soy sauce, being available mainly at Korean grocery stores. Soy sauce from Japan such as Kikkoman and Yamasa, in comparison, is sold widely across America [22] . In this respect, further studies should be carried out about soy sauce and bulgogi as traditional Korean foods in the US. Moreover, a study argued that standardization on taste or recipe of Korean food was not achieved yet [21] . It is needed to understand a relationship between sensory attributes of soy sauces and bulgogi to understanding US consumers' acceptance.
This study aimed to determine US consumers' acceptability of the soy sauce and bulgogi related to their sensory characteristics. It would help understand how soy sauce, as a main component of bulgogi flavor, affects sensory characteristics and acceptability of bulgogi by US consumers.
Materials and methods
Sample preparation and presentation-Soy sauce Cherdchu et al. [18] evaluated and classified soy sauce samples based on overall flavor. To reflect their results and market availability in Philadelphia, PA, USA, four samples bestselling in the US were chosen and they were Kikkoman All-Purpose Seasoning (Kikkoman, Noda, Japan), Kimlan Light Soy Sauce (Kimlan, Taoyuan, Taiwan), La Choy AllPurpose soy sauce (La Choy, Archbold, Ohio, USA), and Sempio soy sauce 701 (Sempio, Seoul, Korea). All samples were original products and ingredients were largely similar across samples; Kikkoman had water, wheat, soybeans, salt, sodium benzoate, and less than 1/10 of 1% as a preservative; Kimlan listed water, soybean (15.5%), wheat (15.5%), salt, sugar, yeast extract, acidity regulators (E296, E331), dextrin, and licorice extract; La Choy had water, hydrolyzed soy protein, corn syrup, salt, caramel color, and potassium sorbate (preservative); and Sempio used water, defatted soybean, wheat, salt, isomaltooligosaccharide, spirits, yeast extract, and licorice extract. Samples were stored in the refrigerator at 5°C and 30 mL of soy sauce of each sample was served in clear plastic solo cups (2 oz., Solo Cup Co., Lake Forest, IL, US) coded with three-digit random numbers. Rice was cooked using a rice cooker (NS-ZLH18, Zojirushi, Osaka, Japan) and was served as a carrier for the soy sauce samples as it may help reduce strong intensity of soy sauce [23] . Bottled water (Nestle, Vevey, Switzerland) was provided for cleansing palate between samples. Soy sauce samples were presented monadically following 4 9 4 Williams Latin square design [24] .
Sample preparation and presentation-bulgogi
Thinly sliced rib eye for bulgogi was purchased at H Mart in Upper Darby, PA in USA. They were stored in a freezer and pulled to refrigerator for thawing 1 day before the consumer tests. Bulgogi was prepared by mixing bite sized beef, soy sauce and all other condimental ingredients listed in Table 1 . All these ingredients were mixed in separate 4 bowls depending on soy sauce used (Kikkoman, Kimlan, La Choy, or Sempio) and placed in refrigerator at 5°C for 90 min. After marinating, bulgogi mixtures were cooked in 4 separate sauté pans over medium-heat (Vulcan, Baltimore, MD, US) for 15 min or until they were cooked thoroughly. Once cooked, bulgogi was stored in a rice cooker (NS-ZLH18, Zojirushi, Osaka, Japan) set on warm until served. Bulgogi sample was used within 2 h after preparation. After 100 g of cooked rice was provided to each assessor as a carrier, 50 g of bulgogi was served in 6 inch Styrofoam plate coded with three-digit random numbers. Bulgogi samples were also presented monadically following 4 9 4 Williams Latin square design [24] .
Consumer testing
Recruit consumers for test consumers who were willing to taste rice, soy sauce, and soy sauce marinated beef dish and did not have known food allergies and food restrictions were asked to participate. Allergies question included main ingredients of testing samples which were soy, wheat (Gluten), salt, alcohol, rice, corn syrup, onion, garlic, and beef. A total of 123 consumers participated and all were 18 or older and 70% of consumers were between 18 and 25 years old. Consumers were composed of Caucasian (n = 59), Asian or Pacific Islander (n = 44), African American (n = 13), Hispanic or Latino (n = 4), and multiracial (n = 3).
Evaluation procedure
Consumers evaluated 4 samples of soy sauce (Kikkoman, Kimlan, La Choy, and Sempio) and 4 samples of bulgogi made using the aforementioned soy sauces. In study of Jeong et al. [1] , they conducted descriptive analysis of soy sauce. Before evaluation, they determined whether to dilute soy sauce sample with water or not. Although diluted soy sauce would not cause too strong salty flavor of soy sauce, but it also reduced other flavor than salty flavor, making evaluation more difficult. Thus, soy sauces were used without dilution in this study. The samples were served every 5 min and the assessors could freely rinse their mouth with water and unsalted tops saltine crackers (Nabisco, East Hanover, NJ, US) between soy sauce and bulgogi samples as much as needed. The questionnaire was composed of consumer acceptance and intensity for soy sauce samples and consumer acceptance of bulgogi samples. For soy sauce, consumers' overall liking, liking of appearance, texture, bitterness, sweetness, and sourness were measured using 9-point hedonic box scale ranging from ''dislike extremely'' (1) and ''neither like nor dislike'' (5) to ''like extremely'' (9). Open-ended question asked how they can change soy sauce samples to make better. Consumer's perceived intensity for attributes of samples was also measured using a 5-point intensity box scale ranging from ''none'' to ''Extreme''. Soy sauce attributes were adapted from Cherdchu et al. [18] and included sweet, salty, sour, umami (brothy), bitter, astringent, pungent, alcohol, beany, burnt, fermented, fruity, medicinal, metallic, meaty, molasses, smoky, and woody. If consumers perceived other characteristics in addition to provided 18 attributes, they were able to specify it and score its intensity using the same 5-point intensity box scale. For bulgogi, consumers' overall liking, liking of appearance, texture, flavor, soy sauce flavor, and saltiness were evaluated using the 9-point hedonic box scale. Open ended question concerning suggestion for improvement was also provided to consumers. After evaluation, consumers answered demographic questionnaire about their gender, age, ethnicity, educational background, and income. The purchase and consumption frequency of soy sauce, brand of soy sauce they purchase, important aspects for soy sauce, typical price of soy sauce they pay for, and type(s) of other soy products they consumed were also asked.
The study was reviewed and exempt by the institutional review board of the Drexel University (Protocol No. 1301001768).
Statistical analysis
Analysis of variance (ANOVA) was performed to analyze significance of acceptability and sensory differences among soy sauce samples and bulgogi samples, respectively. Least significant difference (LSD) was computed where significance was found. Because there were consumers who used certain brand soy sauce, possibility of consumer segmentation was explored for both soy sauce and bulgogi acceptability data using Ward's minimum variance cluster analysis. Pearson's correlation analysis was also done to investigate any correlation between overall liking of soy sauce and bulgogi samples. SAS (Version 9.3, SAS Institute, Cary, NC, USA) was used for statistical analysis.
Results and discussion
Consumers' demographic information A total of 123 participants (male = 48, female = 75) evaluated soy sauce samples and bulgogi samples. As a result of purchase and consumption frequency, about 41% of participants bought soy sauce 1-2 times per year, followed by 3-4 times per year (24%), 5 or more times per year (19%), and 15% of consumers do not buy soy sauce. When it comes to consumption frequency, about 44% consumed soy sauce 1-2 times per week, followed by once a month (30%), and 3-4 times per week (15%). Percentages of participants who consumed soy sauce 5-6 times per week or consumed daily were 4%, respectively, and participants who do not consume soy sauce also took up about 4%. Table 2 shows preferred brand and purchasing behavior toward soy sauce and soy products. Consumers' most preferred soy sauce brand was overwhelmingly Kikkoman, followed by Maggi, La Choy, Trader Joe's, Lee kum kee, and Jin bao. Kikkoman is leading soy sauce market, occupying 56.3% of market share in the US with the homeuse soy sauce in 2013 [25] . For this reason, Kikkoman soy sauce was relatively well known among consumers compared to other brands' soy sauce. Ten percent of participants answered that they did not know the brand they purchased and 11.4% did not answer this question. About 12.2% of participants answered that they purchased soy sauce on sale, regardless of brand. These consumers, totaling about 41% of participants suggested that they rarely cared about brand of soy sauce when they purchased it.
Consumers were more influenced by price of soy sauce and being a low-sodium product and only 35% of consumers were influenced by soy sauce brand. This might be linked closely to consumers' age group as about 70% of our consumers were between 18 and 25 years old because impact of price on purchasing behavior was reported to be greater for younger population. High price affected purchase and preferred eating frequency of chocolate bar samples and intent to buy again in organic food [26, 27] . Similarly, price of product can affect its acceptability. Moreover, Guinard et al. [28] showed that price of product influences more greatly to the young consumer because of their relatively low income. In current study, about 67% of consumers spent typically 1-5 USD when they purchased soy sauce. When it comes to soy products, 21.3% and about 23.0% of consumers answered that they consumed soy milk and tofu, respectively. Other soy products such as soy bean oil, soy flour, soy ice cream, soy yogurt and soy cheese were less than 10%. A few consumers answered ''other'' and indicated that they consumed Edamame, kind of green soy beans.
Acceptability of soy sauce
Overall liking, liking of appearance, texture, bitterness, sweetness, and sourness of soy sauces were evaluated by consumers (Table 3 ). There were no significant differences among four soy sauce samples except appearance liking. Kimlan, which got the lowest appearance liking, might be different from other soy sauce in terms of color. In addition to liking questions, consumer perceived flavor intensities of 18 soy sauce attributes evaluated and only sour, umami, smoky, and woody attributes were significantly different among four soy sauce samples (Table 4) . Open-ended question asked how to change soy sauce sample to make it better and consumers suggested that all of the soy sauce samples have too much saltiness. Although rice was provided as a carrier, consumers may have tasted soy sauce a lot more than usual consumption to evaluate samples and lead to say they were all too salty. Moreover, Syarifuddin et al. [29] showed that sardine odor could increase saltiness perception on cheese samples and Lee et al. [30] also studied that soy sauce odor could cause salty taste perception in beef soup samples. Further studies can be conducted in respect of perceived saltiness of not only soy sauce taste but also odor-mediated saltiness. Especially in Kimlan soy sauce sample, they answered that color was lighter than other samples so it needed to be darker. Results of this opinion were in line with aforementioned the lowest appearance liking of Kimlan samples. In case of La Choy sample, a lot of consumers thought that it had strong chemical, acidic, sour flavor and consumers described Sempio sample was salty soy sauce.
Although overall liking did not show significant differences among soy sauce samples, distribution of liking score was widespread, thus presence of consumer segments was suspected. Firstly, soy sauce cluster analysis was done with regard to overall liking scores ( Fig. 1 ) and there were 4 consumer segmentations differing their acceptability. Consumers in cluster 1 (n = 48) preferred Kimlan (7.0) and La Choy (6.8) soy sauces rather than Kikkoman (5.5) and Sempio (5.6) and the results were significant. Consumers in cluster 2 (n = 28) liked La Choy, Sempio and were neutral with Kikkoman but disliked Kimlan (3.4). Cluster 3 was consisted of 24 consumers who generally disliked soy sauce and has no significant difference in liking among samples. Cluster 4 was consisted of 20 consumers and they clearly preferred Kikkoman (7.0) and Sempio (7.0). In contrast, liking for La Choy (3.0) and Kimlan (5.2) soy sauce sample was relatively low. Seven consumers of cluster 4 answered that they purchased Kikkoman soy sauce. Three consumers answered 'do not know' (n = 3), and the rest of each consumer chose different brand (n = 5) or did not care about soy sauce brand (n = 5). Consumer segmentation information can be utilized for targeted marketing of soy sauce products.
Acceptability of bulgogi
Additionally, there was no significant difference on overall liking, appearance liking, texture liking, soy sauce flavor liking, saltiness liking, and flavor liking on bulgogi samples made using four different soy sauces (Table 3) . As a result of open-ended question, there were opinion that flavor of additional ingredients such as garlic and pepper was too much, especially in bulgogi sample using La Choy soy sauce. Furthermore, consumers focused on intensity of salty taste, sweet taste, and toughness of bulgogi samples. Cluster analysis was also performed on the overall liking scores of bulgogi evaluation (Fig. 2) . Based on cubic clustering criterion, which measures within-cluster similarity relative to between-cluster dissimilarity [31] and is typically used to determine the number of clusters, there were five clusters differing their acceptability of bulgogi. Consumers in cluster 1 (n = 36) liked bulgogi and gave relatively higher scores compared to consumers in other clusters. Bulgogi made using Kikkoman (8.5), La Choy (8.1), and Sempio (8.0) were all liked very much and only Kimlan (7.6) received liking score below 8. In cluster 2 (n = 23), bulgogi using Kimlan (8.1) was liked the most followed by Sempio (7.5), La Choy (7.3), and Kikkoman (6.7). There were 18 consumers in cluster 3 and they liked bulgogi in order of using Kikkoman (7.1), Sempio (7.0), La Choy (6.4), and Kimlan (5.3). Consumers in cluster 4 (n = 16) moderately liked bulgogi except the one made with La Choy (4.9). Mean overall liking score of cluster 5 (n = 25) was generally lower compared to that of other clusters. Bulgogi using Kimlan (6.4) was liked the most followed by La Choy (6.0), Kikkoman (5.4), and Sempio (5.0).
After cluster analysis, Pearson's correlation analysis was done between overall liking of soy sauce samples and overall liking of bulgogi samples for investigating if overall liking of soy sauce influenced on overall liking of bulgogi samples. However, there was no significant correlation between the two measurements. This suggested that there was little effect of soy sauce acceptability on overall liking of bulgogi samples. As shown by Aaslyng and Frost's study [32] , vegetable accompaniments that have certain kinds of taste may affect sensory properties of pork meat samples. In the similar context, although soy sauce is a main ingredient of bulgogi, other ingredients could be playing a leading role on flavor of bulgogi. Overall liking of bulgogi samples could be also decided by individual perception of blendedness of additional ingredients such as black pepper, onion juice or meat quality. According to a study of Verbeke et al. [33] , beef tenderness is crucial to taste and quality perception for consumers. Meat tenderness increased along with increasing amount of soy sauce in marination, affecting consumers' acceptability [34] .
Relationship between Consumption and Acceptability
Meanwhile, it was also needed to investigate more with relation to Kikkoman soy sauce, the greatest number of purchase frequency on demographic information. As a result, among all respondents, a total of 16 out of 37 consumers (43.2%) gave the highest liking score on Kikkoman soy sauce and bulgogi made by Kikkoman soy sauce, simultaneously. This may be evidence that familiar flavor of Kikkoman soy sauce as one of the most accessible in the US market may have an influence on acceptability of bulgogi. Similarly Korean consumers preferred Korean green teas to green tea from China or Japan, suggesting there was relationship between familiarity and liking [35, 36] .
